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Abstract
We give a more complete calculation of b → sγ decay, including leading log QCD cor-
rections from mtop to MW in addition to corrections from MW to mb. We have included the
full set of dimension-6 operators and corrected numerical mistakes of anomalous dimensions
in a previous paper[14]. Comparing with the calculations without QCD running from mtop
to MW [12], the inclusive decay rate is found to be enhanced. At mt = 150GeV, it results
in 12% enhancement, and for mt = 250GeV, 15% is found. The total QCD effect makes an
enhanced factor of 4.2 at mt = 150GeV, and 3.2 for mt = 250GeV.
PACS numbers: 12.38.Bx, 13.40.Hq, 13.20.Jf
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1 Introduction
Recently the CLEO collaboration has observed[1] the exclusive decay B → K∗γ with a branching
fraction of (4.5 ± 1.5 ± 0.9) × 10−5. A new upper limit on the inclusive b → sγ process is
also obtained as B(b → sγ) < 5.4 × 10−4 at 95% C.L.[2]. This has been a subject of many
papers[3, 4, 5, 6, 7, 8] recently. It has been argued that this experiment provides more information
about restrictions on the Standard Model, Supersymmetry, Technicolor etc. Their results are
found to be sensitive to the theoretical calculation of b → sγ decay. In order to reduce the
theoretical uncertainty, a more accurate calculation of this decay rate is needed.
The radiative b quark decay has already been calculated in several papers[9]–[12]. It is found
to be strongly QCD-enhanced (e.g. a factor of 7 for mt = 80 GeV and ΛQCD = 300 MeV in
ref.[12] ). In other words, the strong interaction plays an important role in this decay. However,
there are still some uncertainties in these papers. In ref.[9], the anomalous dimension matrix was
truncated and the estimated uncertainty due to this truncation is less than 15%. Refs.[10, 11]
did not contain a full leading logarithmic analysis either, although they included some of the
terms neglected in ref.[9].1 Ref.[12] is believed to be a more accurate result. But it did not
include the QCD running from mtop to MW . Since the top quark is found to be heavier than W
boson( mtop = 174±10+13−12 GeV.[13]), a detailed calculation of this effect is needed . Ref.[14] does
include this running, however there are some errors in the calculation of anomalous dimensions,
which can lead to some changes in the final result.
In the present paper, we recalculate the b → sγ decay including QCD running from mtop
to MW , and correct the errors in ref.[14], i.e. its anomalous dimension matrix. Furthermore, we
use untruncated anomalous dimensions of QCD running from MW to mb.
2 Matching at µ = mt
In Minimal Standard Model, we first integrate out the top quark, generating an effective five-
quark theory. By using the renormalization group equation, we run the effective field theory
1 See discussions in ref.[12].
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down to the W-scale, at which the weak bosons are removed. Finally we continue running the
effective field theory down to b-quark scale to calculate the rate of radiative b decay. To maintain
gauge invariance, we work in a background field gauge[15].
The charged sector of Standard Model Lagrangian is
LCC = 1√
2
µǫ/2g2
(
u c t
)
L
γµV


d
s
b


L
W µ+
+
1√
2
µǫ/2g2
MW


(
u c t
)
R
MUV


d
s
b


L
−
(
u c t
)
L
VMD


d
s
b


R

φ+
+ h.c.. (1)
Where V represents the 3 × 3 unitary Kobayashi-Maskawa matrix, MU and MD denote the
diagonalized quark mass matrices, the subscript L and R denote left-handed and right-handed
quarks, respectively.
We first integrate out the top quark, introducing dimension-6 operators to include effects of
the absent top quark. In ref.[14], an approximation was made to keep only leading order terms
of δ =M2W/m
2
t , neglecting the next to leading order charged current to W boson. To include the
full set of dimension-6 operators, we have to pick up five more operators involving W bosons.
Our operators now make a complete basis of dimension-6 operators. Higher dimension operators
are suppressed by factor p2/m2t , where p
2 characterizing the external momentum of b quark etc.
p2 ∼ m2b . The basis operators are:
O1LR = −
1
16π2
mbsLD
2bR,
O2LR = µ
ǫ/2 g3
16π2
mbsLσ
µνXabRG
a
µν ,
O3LR = µ
ǫ/2 eQb
16π2
mbsLσ
µνbRFµν ,
QLR = µ
ǫg23mbφ+φ−sLbR,
P 1,AL = −
i
16π2
sLT
A
µνσD
µDνDσbL,
P 2L = µ
ǫ/2 eQb
16π2
sLγ
µbL∂
νFµν ,
3
P 3L = µ
ǫ/2 eQb
16π2
FµνsLγ
µDνbL,
P 4L = iµ
ǫ/2 eQb
16π2
F˜µνsLγ
µγ5DνbL,
R1L = iµ
ǫg23φ+φ−sL 6DbL,
R2L = iµ
ǫg23(D
σφ+)φ−sLγσbL,
R3L = iµ
ǫg23φ+(D
σφ−)sLγσbL,
WLR = −iµǫg23mbW ν+W µ−sLσµνbR,
W 1L = iµ
ǫg23W
ν
+W
µ
−
sLγµ 6DγνbL,
W 2L = iµ
ǫg23(D
σW ν+)W
µ
−
sLγµγσγνbL,
W 3L = iµ
ǫg23W+µW
µ
−
sL
↔
6D bL,
W 4L = iµ
ǫg23W
ν
+W
µ
−
sL(
↔
Dµγν + γµ
↔
Dν)bL. (2)
Where sL
↔
Dµ γνbL stands for sLDµγνbL + (DµsL)γνbL and the covariant derivative is defined as
Dµ = ∂µ − iµǫ/2g3XaGaµ − iµǫ/2eQAµ,
with g3 denoting the QCD coupling constant. The tensor T
A
µνσ appearing in P
1,A
L assumes the
following Lorenz structure, the index A ranging from 1 to 4:
T 1µνσ = gµνγσ, T
2
µνσ = gµσγν,
T 3µνσ = gνσγµ, T
4
µνσ = −iǫµνστγτγ5.
(3)
Then we can write down our effective Hamiltonian
Heff = 2
√
2GFVtbV
∗
ts
∑
i
Ci(µ)Oi(µ). (4)
The matching diagrams are displayed in Fig.1 and Fig.2. The diagrams involving W bosons
are introduced in addition to Goldstone boson ones, So the number of diagrams considered now
is 2–times bigger than that in ref.[14]. After tedious calculation we have
CO1
LR
= −
(
1
2
+ 1
2
δ
(1− δ)2 +
δ
(1− δ)3 log δ
)
,
CO2
LR
= −
(
1
2
(1− δ) +
1
2
δ
(1− δ)2 log δ
)
,
CO3
LR
=
(
1
(1− δ) +
δ
(1− δ)2 log δ
)
,
4
CP 1,1
L
= CP 1,3
L
=
(
11
18
+ 5
6
δ − 2
3
δ2 + 2
9
δ3
(1− δ)3 +
δ + δ2 − 5
3
δ3 + 2
3
δ4
(1− δ)4 log δ
)
,
CP 1,2
L
=
(−8
9
− 1
6
δ + 17
6
δ2 − 7
9
δ3
(1− δ)3 +
−δ + 10
3
δ3 − 4
3
δ4
(1− δ)4 log δ
)
,
CP 1,4
L
=
(
1
2
− δ − 1
2
δ2 + δ3
(1− δ)3 +
δ − 3δ2 + 2δ3
(1− δ)4 log δ
)
,
CP 2
L
=
1
Qb
(
3
4
+ 1
2
δ − 7
4
δ2 + 1
2
δ3
(1− δ)3 −
1
3
δ +
(
1
6
+ 5
6
δ − 5
3
δ3 + 2
3
δ4
(1− δ)4 −
1
6
− 1
3
δ
)
log δ
)
,
CP 3
L
= 0,
CP 4
L
=
1
Qb
(−1
2
− 5δ + 17
2
δ2 − 3δ3
(1− δ)3 +
−5δ + 7δ2 − 2δ3
(1− δ)4 log δ + 4δ log δ
)
,
CR1
L
= CR2
L
= −CQLR = 1/g23,
CR3
L
= 0,
CWLR = CW 3L = CW 4L = 0,
CW 1
L
= CW 2
L
= δ/g23. (5)
Notice that we have included the terms of all orders of δ =M2W/m
2
t as far as the dimension-
6 operators are concerned. However, to really achieve higher accuracy in δ, the dimension-8
operators should be considered in the matching of MW scale
2. These coefficients are all from the
finite part integrations of electroweak loops. Terms like log(µ2/m2t ) always accompanied by the
infinity 1/ǫ vanishes here, because of our matching scale µ = mt. They will be regenerated by
renormalization group running of electroweak in the next section.
3 Running from mt to MW
The renormalization group equation satisfied by the coefficient functions Ci(µ) is
µ
d
dµ
Ci(µ) =
∑
j
(γτ )ijCj(µ). (6)
Where the anomalous dimension matrix γij is calculated in practice by requiring renormalization
group equations for Green functions with insertions of composite operators to be satisfied order
by order in perturbation theory. Let Γ
(n)
Oi
denote a renormalized n–point 1PI Green function
2We thank Professor R. Barbieri for making this point explicit to us.
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with one insertion of operator Oi. Then the anomalous dimension γij characterizing the mixing
of operator Oi into Oj is determined from the renormalization group equation for Γ
(n)
Oi
,
γijΓ
(n)
Oj
= −
(
µ
∂
∂µ
+ β
∂
∂g
+ γmm
∂
∂m
− nγext
)
Γ
(n)
Oi
. (7)
Here β = µ(d/dµ)g, γm = (µ/m)(d/dµ)m and nγext stands for the wave-function anomalous
dimensions arising from radiative corrections to the Green function’s n external lines.
After evaluating the loop diagrams, we find the following leading order weak mixing of
operators, with the Q, R part agrees with ref.[14].
γ =
QLR
R1L
R2L
R3L
WLR
W 1L
W 2L
W 3L
W 4L
O1LR O
2
LR O
3
LR P
1,A
L P
2
L P
3
L P
4
L

0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 −1/2 0 0
0 0 0 0 1/2 0 0
0 0 6 0 0 0 0
0 0 0 0 0 0 12
0 0 0 0 −1 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0


16π2
g23
8π2
. (8)
These mixing are all between operators induced by tree-diagram and loop-diagram. The vanish-
ing log(µ2/m2t ) terms in the last section are regenerated here by renormalization group equation.
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The QCD anomalous dimensions for each of the operators in our basis are
O1LR O
2
LR O
3
LR P
1,1
L P
1,2
L P
1,3
L P
1,4
L P
2
L P
3
L P
4
L
O1LR
O2LR
O3LR
P 1,1L
γ = P 1,2L
P 1,3L
P 1,4L
P 2L
P 3L
P 4L


20
3
1 −2 0 0 0 0 0 0 0
−8 2
3
4
3
0 0 0 0 0 0 0
0 0 16
3
0 0 0 0 0 0 0
6 2 −1 2
3
2 −2 −2 0 0 0
4 3
2
0 −113
36
137
18
−113
36
−4
3
9
4
0 0
2 1 1 −2 2 2
3
−2 0 0 0
0 1
2
2 −113
36
89
18
−113
36
4
3
9
4
0 0
0 0 0 0 0 0 0 0 0 0
0 0 −4
3
0 0 0 0 0 0 0
0 0 −4
3
0 0 0 0 0 0 0


g23
8π2
,
(9)
γ =
QLR
R1L
R2L
R3L
WLR
W 1L
W 2L
W 3L
W 4L
QLR R
1
L R
2
L R
3
L WLR W
1
L W
2
L W
3
L W
4
L

23
3
0 0 0 0 0 0 0 0
0 23
3
0 0 0 0 0 0 0
0 0 23
3
0 0 0 0 0 0
0 0 0 23
3
0 0 0 0 0
0 0 0 0 13 0 0 0 0
0 0 0 0 −8
3
23
3
0 −8
9
16
9
0 0 0 0 0 0 23
3
0 0
0 0 0 0 0 0 0 23
3
0
0 0 0 0 0 0 0 −16
9
101
9


g23
8π2
. (10)
Comparing with ref.[14], except theW part, there are still some differences in the anomalous
dimension matrix, which may lie in omitting a factor of 1/2 in ref.[14] in calculating Feynman
diagram like Fig.3. After these changes, the whole matrix can be easily diagonalized, and all
eigenvalues are real, which is required to maintain hermiticity of the effective Hamiltonian at all
renormalization scales. While in ref.[14] it can not. In their case, some eigenvalues are complex.
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The solution to eqn.(6) appears in obvious matrix notation as
C(µ2) =
[
exp
∫ g3(µ2)
g3(µ1)
dg
γT (g)
β(g)
]
C(µ1). (11)
After inserting anomalous dimension (8–10), we can have the coefficients of operators at µ =MW .
And some of these operators change a lot from ref.[14] due to our improvements. For details, see
next section.
4 Matching at µ = MW
In order to continue running the basis operator coefficients down to lower scales, one must
integrate out the weak gauge bosons and would-be Goldstone bosons at µ = MW scale. The
diagrams are displayed in Fig.4. In these new matching conditions, one finds the following
relations between coefficient functions just above and below µ =MW :
CO1
LR
(M−W ) = CO1LR(M
+
W ),
CO2
LR
(M−W ) = CO2LR(M
+
W ),
CO3
LR
(M−W ) = CO3LR(M
+
W ),
CP 1,1
L
(M−W ) = CP 1,1
L
(M+W ) + 2/9,
CP 1,2
L
(M−W ) = CP 1,2
L
(M+W )− 7/9,
CP 1,3
L
(M−W ) = CP 1,3
L
(M+W ) + 2/9,
CP 1,4
L
(M−W ) = CP 1,4
L
(M+W ) + 1,
CP 2
L
(M−W ) = CP 2L(M
+
W )− CW 2L(M
+
W )− 3/2,
CP 3
L
(M−W ) = CP 3L(M
+
W ),
CP 4
L
(M−W ) = CP 4L(M
+
W ) + 9. (12)
In addition to these, there are new four-quark operators:
O1 = (cLβγ
µbLα)(sLαγµcLβ),
O2 = (cLαγ
µbLα)(sLβγµcLβ),
O3 = (sLαγ
µbLα)[(uLβγµuLβ) + ...+ (bLβγµbLβ)],
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O4 = (sLαγ
µbLβ)[(uLβγµuLα) + ...+ (bLβγµbLα)],
O5 = (sLαγ
µbLα)[(uRβγµuRβ) + ...+ (bRβγµbRβ)],
O6 = (sLαγ
µbLβ)[(uRβγµuRα) + ...+ (bRβγµbRα)], (13)
with coefficients
Ci(MW ) = 0, i = 1, 3, 4, 5, 6, C2(MW ) = 1.
To simplify the calculation and compare with the previous results, equations of motion(EOM)[16]
is used to reduce all the remaining two-quark operators to the gluon and photon magnetic mo-
ment operators O2LR and O
3
LR. The effective Hamiltonian then appears just below the W-scale
as
Heff = 4GF√
2
VtbV
∗
ts
∑
i
Ci(M
−
W )Oi(M
−
W )
EOM→ 4GF√
2
VtbV
∗
ts
{(
−1
2
CO1
LR
+ CO2
LR
− 1
2
CP 1,1
L
− 1
4
CP 1,2
L
+
1
4
CP 1,4
L
)
O2LR
+
(
−1
2
CO1
LR
+ CO3
LR
− 1
2
CP 1,1
L
− 1
4
CP 1,2
L
+
1
4
CP 1,4
L
− 1
4
CP 3
L
− 1
4
CP 4
L
)
O3LR
+(four− quark operators)} . (14)
For completeness, we first give the explicit expressions of the coefficient of operator O2LR
and O3LR at µ =M
−
W ,
CO2
LR
(M−W ) =
(
αs(mt)
αs(MW )
) 14
23
{
−1
2
CO1
LR
(mt) + CO2
LR
(mt)− 1
2
CP 1,1
L
(mt)
−1
4
CP 1,2
L
(mt) +
1
4
CP 1,4
L
(mt)
}
+
1
3
, (15)
CO3
LR
(M−W ) =
(
αs(mt)
αs(MW )
) 16
23

CO3LR(mt) + 8CO2LR(mt)

1−
(
αs(MW )
αs(mt)
) 2
23


+
[
−9
2
CO1
LR
(mt)− 9
2
CP 1,1
L
(mt)− 9
4
CP 1,2
L
(mt) +
9
4
CP 1,4
L
(mt)
] 1− 8
9
(
αs(MW )
αs(mt)
) 2
23


−1
4
CP 4
L
(mt) +
9
23
16π2CW 1
L
(mt)
[
1− αs(mt)
αs(MW )
]}
− 23
12
. (16)
They are expressed by coefficients at µ = mt and QCD coupling αs. So it is convenient to utilize
these formula.
9
In the previous paper[14], the higher order terms of M2W/m
2
t are included in this stage by
hands in order to match the previous work[9]–[12] when mt → MW . Therefore it is unnatural.
While in this work, we keep higher order terms of M2W/m
2
t from the very beginning at µ = mt
scale. If the QCD correction is ignored (by setting αs(mt) = αs(MW ) in eqn.(15),(16) ), our
results would reduce to the previous results[9, 12] exactly where the top quark and W bosons
are integrated out together. This is required by the correctness of the effective Hamiltonian, and
it is also a consistent check.
If we rewrite our operators O3LR, O
2
LR as O7, O8 like ref.[12],
O7 = (e/16π
2)mbsLσ
µνbRFµν ,
O8 = (g/16π
2)mbsLσ
µνT abRG
a
µν . (17)
then
C7(MW ) =
1
3
CO3
LR
(M−W ),
C8(MW ) = −CO2
LR
(M−W ). (18)
The obvious differences from QCD correction to C7(MW ) and C8(MW ) can easily be seen from
Fig.5 and Fig.6. In comparison to ref.[14], the enhancement of coefficient of operator O7 is
almost the same size, but the values for O8 are quite different. Here the effect to O8 is an
enhancement rather than a suppression as in ref.[14]. At mt = 150GeV , it is enhanced a factor
of 40% in comparison to ref.[14]. These changes come mainly from the corrections of anomalous
dimensions described earlier. Since C7(MW ) and C8(MW ) are both the input of the following
QCD running from MW to mb, It will be is expected to change the final result.
5 The B → Xsγ decay rate
The running of the coefficients of operators from µ = MW to µ = mb was well described in
ref.[12]. After this running we have the coefficients of operators at µ = mb scale. Table 1
gives the numerical values of coefficients of operators O7, O8 with different input of top quark
mass. Here we use MW = 80.22GeV, mb = 4.9GeV. Both C7(mb) and C8(mb) are enhanced in
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comparison to values obtained by Misiak [12]. The obtained values of C6 at the mb scale are
-0.030, -0.036, -0.041 for Λf=5QCD = 100, 200 and 300 MeV, respectively. The corresponding values
of C5 are 0.007, 0.008 and 0.009. They are just the same as ref.[12].
The leading order b → sγ matrix element of Heff is given by the sum of operators O5, O6
and O7,
< Heff >= −2
√
2GFV
∗
tsVtb {C7(µ) +Qd[C5(µ) + 3C6(µ)]} < |O7| > . (19)
Therefore, the sought amplitude will be proportional to the squared modulus of
Ceff7 (mb) = C7(mb) +Qd [C5(mb) + 3C6(mb)] (20)
instead of |C7(Mb)|2 itself.
Following ref.[9]–[12],
BR(B → Xsγ)/BR(B → Xceν) ≃ Γ(b→ sγ)/Γ(b→ ceν). (21)
Then applying eqs.(19),(20), one finds
BR(B → Xsγ)
BR(B → Xceν)
≃ 6αQED
πg(mc/mb)
|Ceff7 (mb)|2
(
1− 2αs(mb)
3π
f(mc/mb)
)
−1
, (22)
where g(mc/mb) ≃ 0.45 and f(mc/mb) ≃ 2.4 corresponding to the phase space factor and the
one-loop QCD correction to the semileptonic decay, respectively[17]. The electromagnetic fine
structure constant evaluated at the b quark scale takes value as αQED(mb) = 1/132.7. Afterwards
one obtains the B → Xsγ decay rate normalized to the quite well established semileptonic decay
rate. The results are summarized in Fig.7 as functions of the top quark mass: The two upper
solid lines represent the QCD-corrected ratio of the decay rates, corresponding to Λf=5QCD = 100
MeV and Λf=5QCD = 300 MeV, respectively. While the dashed lines correspond to the results
obtained by Misiak[12]. The QCD-uncorrected values are also shown.
In this figure, we can easily see that, at mt = 150GeV, it results in 12% enhancement from
Misiak’s result[12], and for mt = 250GeV, 15% is found.
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6 Conclusion
As a conclusion, we have given the full leading log QCD corrections(include QCD running from
mtop toMW ), with whole anomalous dimension matrix untruncated. Comparison to the previous
calculation[14], three points are improved:
(1) We have included the full set of dimension-6 operators.
(2) We correct errors of anomalous dimensions in ref.[14].
(3) We use untruncated anomalous dimensions in QCD running from MW to mb instead of
truncated ones.
In fact, point(2) makes an enhancement while point(3) leads to a suppression. For point(1)
there is no significance change in final result. The total result does not change a lot, e.g. a
suppression of 4% comparing ref.[14]. Table 2 gives the results by different authors.
The whole QCD-enhancement of the BR(B → Xsγ) makes a factor of 4.4 at mt = 145GeV,
and 3.2 at mt = 250GeV, when ΛQCD = 200MeV.
The branching ratio BR(B → Xsγ)/BR(B → Xceν) ranges from about 3×10−3 to 6×10−3
asmt varies from 90GeV to 250GeV(ΛQCD = 200MeV). Although this result is not quite different
from the previous calculations, our improvements lie in reducing some theoretical uncertainties.
This improvements are important, since the anomalous dimension matrix of ref.[14] is not a
hermitian one, and its results are not faithful.
The gluon magnetic moment operator O8 is also enhanced from Misiak’s result[12], which
is not the present paper’s interest.
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Table 1: Numerical results for coefficients of operators Ci(mb).
mtop(GeV) c7(mb) c8(mb)
Λ=100 Λ=200 Λ=300 Λ=100 Λ=200 Λ=300
100 -0.297 -0.324 -0.345 -0.151 -0.163 -0.173
110 -0.307 -0.333 -0.353 -0.155 -0.168 -0.177
120 -0.315 -0.341 -0.361 -0.160 -0.172 -0.181
130 -0.323 -0.349 -0.368 -0.163 -0.175 -0.184
140 -0.330 -0.356 -0.375 -0.166 -0.178 -0.187
150 -0.337 -0.362 -0.381 -0.169 -0.181 -0.190
160 -0.343 -0.368 -0.387 -0.172 -0.184 -0.193
170 -0.349 -0.374 -0.393 -0.174 -0.186 -0.195
180 -0.354 -0.379 -0.398 -0.176 -0.188 -0.197
190 -0.360 -0.384 -0.402 -0.178 -0.190 -0.199
200 -0.364 -0.388 -0.407 -0.180 -0.191 -0.200
210 -0.369 -0.393 -0.411 -0.181 -0.193 -0.202
220 -0.373 -0.397 -0.415 -0.183 -0.194 -0.203
230 -0.377 -0.401 -0.419 -0.184 -0.196 -0.204
240 -0.381 -0.404 -0.422 -0.185 -0.197 -0.205
250 -0.384 -0.408 -0.426 -0.187 -0.198 -0.207
Table 2: Enhancement(+) or suppression(–) of b → sγ decay rates obtained by Cho et al.[14],
Misiak[12] and the present improved ones relative to earlier result by Grinstein et al.[9]
Grinstein et al. Cho et al. Misiak This paper
QCD running MW → mb truncated truncated untruncated untruncated
QCD running mt →MW neglected performed neglected performed
mtop=150GeV 1 +8% –6% +5%
mtop=250GeV 1 +14% –5% +10%
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Figure Captions
Fig.1 Leading order matching conditions at the top quark scale for the 1PI Green functions in
the full Standard Model and in the intermediate effective field theory.
Fig.2 One loop matching conditions at the top quark scale for the 1PI Green functions in the
full Standard Model and in the intermediate effective field theory.
Fig.3 One of the Feynman diagram in calculating Anomalous dimensions, with the heavy dot
denoting high dimension operator.
Fig.4 Matching conditions at µ = MW for four quarks and two quarks 1PI Green functions in
the intermediate effective field theory and effective field theory below W scale.
Fig.5 The photon magnetic moment operator’s coefficient C7(MW ) for different top quark mass.
The ones with and without QCD corrections are indicated by solid and dashed lines respectively.
(Λ = 300MeV is used)
Fig.6 The gluon magnetic moment operator’s coefficient C8(MW ) for different top quark mass.
The ones with and without QCD corrections are indicated by solid and dashed lines respectively.
(Λ = 300MeV is used)
Fig.7 BR(B → xsγ) normalized to BR(B → xceν), as function of top quark mass. The upper
solid lines indicated our results for a full QCD correction. Dashed lines correspond to Misiak’s
results without QCD running from mtop to MW .
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